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ASr-THACT 



The basic principles of phase detectors and pulse 
Intejiratina oircultB have been understood for nany ye? re. 
Most of the developmental work done on phase detectors nee 
been concentrated on circuits deel<jn8d to operate at audio 
or power frequencloa. Pulse Integrating circuits were not 
in demand until equipment involvinij the use of pulsed sig- 
nals was constructed. 

A critical lnveet.lg> tlon of three high frequency phase 
detectors is made in an effort to determine the operational 
limitations of each. The phase detoctore studied operpte 
at a frequency of 30 megacycles; the input signals to the as 
detectors are pulses of energy at the carrier frequency. 

The duration of these input pulses Is expected to be betwei n 
500 and 4000 pulses per second. 

The effect on the oper- tion of each circuit by an in- 
equality in the a;nplltudea of the input si^j^als is investi- 
gated, Effects of a deviation from the operrting frequency 
of 30 megacycles are studied, A study is made of tne mlni- 
mun pulse width of the input signals which can be used and 
yet furnish reliable output signals. One reouirement which 
must bo met b* each circuit is that there nuat be no output 
wiien one of tlio two input signals is aero. 

When there is a constant rrto of change of phase oe- 
tween the two Input signals to a phuso detector, the 
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emplitude of th« output pulso will be varylnij at a cyclic 
rate. A pulae-lntogratlng circuit is connected to tiie out- 
put of the phase detector to Integn-to the information de- 
noted by the asplitudo of the output pule s. The output 
froan the pulae-integr ting circuit la used to deteinalne 
the envelope frequency of the phase detector output puleea. 

The output of a 30 raegucycle signal genor; tor is 
pulse-'iiodulatod, and the output sent to a phase detector 
through two paths. Located in one path is a circuit cap- 
able of introducing an amount of phase shift which can be 
varied frow 0 to 360 degrees. The operating ch* racter- 
i sties of the three phaae detectors are studied for wide 
varletlona In the asiplitude, dur. tlon, and, carrier fre- 
quency of the input puleea. Each phase detector is also 
tested using CH input signals. 

For testing the pulee-lntogratlng circuit, a constant 
rate of change of phase between txie two inputs to a phase 
detector is Introduced. Hith the snpiitude of tne output 
pulse fro3 a pm &e detector Vf i*ying at cone definite 
frequency, the output of the pulse-integr’ ting circuit la 
studied for different pulse repetition frequencies and 
different pulse widths. 

The results of the tests made on the pnaee detectors 
indicated txut the simplest circuit operated best, while 
the most complex circuit Introduced undesirable dlatortion. 
The diode pulse-integr- ting circuit tested does not ope5r- to 
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eatlafttctorlly If the pule© repetition frequency la loaa 
than 600 pulaoa per aecond or if th© in^'Ut pulee ie less 
than one micro second in duration. 
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IN'ihODUCIiON AND STAT^:«4EHT OF ‘lul!. FhOBLRM 

Tile basic principles of phase detectors end pulse 
Integrating circuits have been understood for many years. 
Most of tiio developmental work done on ^^hase detectors has 
been concentrated on cli'cuito designed to operate at audio 
or po ^er frequencies. Puls© Integrating circuits were not 
in demand until equipment involving th© use of pulsed 
signals *'as constructed. 

The Increuring use of mlcroivpves for r»d r end cora- 
raunicatlons has aroused interest In high frequency phase 
detoctorr. A need for phfae compirison of two signals ct 
the intermedlf te frequencies used in the mlcro'*avo oquip- 
raent has arisen, and the development of units to perforn 
this function has been initiated, A critical Inves titration 
of the operating characteristics of tiiree high frequency 
phase detectors ^111 be ra»’d© in an effort to determine 
the operational llmitotions of each. 

Tho phase detectors to be studied operate at a fre- 
quency of 50 mcgscyclee; the input signals to the phase 
detectors are to be pulses of energy c<t tho cerrier fre- 
quency, Tho duration of these input puls* a Is expected 
to be bet een 0,5 ond 10 microseconds, and the puls© 
repetition frequency is to be bet een 500 and 4000 pulses 
per second. 
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A piiaee detector develops an output voltage proport*- 
lon&l to the relative phtoe angle existing between the t'40 
input elgnals. One of the rtlpulated requlrewonts to be 
raet b/ each phase detector is that there must be no out- 
put .hen one of the t -o input signals is zero. The effect 
on the operation of each circuit by an inequality in the 
eraplltudos of the Input slgnels will be investigated, 

^mother factor to be considered Is the effect on circuit 
performance pTOducod by a dovii tlon from the operating 
frequency of 50 megacyclos. 

The need has arisen for definite inf orraf tlon regard- 
ing the minimum pulse width of the input signals which can 
bo used and yet furnish reliable output signals. A study 
of the minimum pulse <idth Involves a determination of tne 
number of cycles of the c^rrlur frequency in the input 
sic,nr«l whicli must be compared in the phase detector to 
provide an output signal whose amplitude varies with the 
phase rnglc existing bet eon the two input signals. The 
effects of changing the pulse repetition frequency «ill 
also bo Investigated, 

With the I’dvont of pulse-tlae-modulat Ion com-municatloh 
systems and radar inetalli tions, circuits have been de*- 
signed which Integrate pulses of varying amplitude occurring 
at periodic intervals. The majority of these circuits havw 
been designed to handle input pulses of one polarity only, 
usually positive. To integrate the output pulcos from a 
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phase detector, a circuit which is capr ble of accaptinti 
Input pulses of doth polarities aust be used. Of major 
interest In the invest legation of the output IntOi^rating 
circuit ar® tho effects of the pulse repetition frequency, 
pulse *idth, and x^ulso araplltude upon the inte^jratod output, 
A block dlcaran of the equipment used to test the 
30 megacycle phase detectors and the pulae-lntegrating 
circuit is eho’vn in Pig, 1-1, Some of txie equipment sho-vn 
In tho diagram 1® avall*»ble cocmerolallyi tJie remainder 
»as constructed In tho laboratory, 

Tho '«anufacturod units of the block dlagraia j re 
listed as folloF®j 

4odol 200 Hewlett Packard Audio Oscill tor (used to 
deteiTulne the pulae repetition freqiiency) 

2 General Radio Co. 869- A Pul sera (one negative 
pulse output and one positive pulse output) 

General Radio Co, Signal Generator S05-AS1 (a 
special model capable of being pulse modulated) 

Model 300 Ballentlne Electronic Voltmeter (used as 
an audio amplifier) 

The 30 megacycle amplifier shown in tn© block di^'jirfm 
«as an *fl/APS-10 I,P, amplifier strip */lth the detector 
stage removed. The remainder of tho units are described 
in the rucc^seding chapters. 
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BLOCK DIAGRAM OF EQUIPMENT USED TO TEST PHASE DETECTORS AND PULSE INTEGRATOR 
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A STUlJsf OF 30 liKGACYCLF FliAE DKl\.CIOtit: 

A piiaao detector, aoraeti-nes called a phase Bensltivo 
rectifier, davelope an output voltaije proportional to the 
relative phase an^lo oxiatinij bot-^een the two input sionale. 
The basic circuit diagram of a lo«. frequency phase detector 
is presented in Pig. '^-1 (a), and the circuit operation is 
explained with the aid of the diagram. 



F*lg, 2-1 (a) Basic Low- 'frequency Phase Detector 

A more or loss standard procedure ncio been developed to 
obtain the desired output i*t lo« frequencloe. One of tne 
two input signals to the phase detector, le applied to 

tlie primary winding of a transfer nor. The volt&t,. a Induced 
by appearing at the end terminals of the secondary v.lndlno 
are of equal magnitude but 180® out of phase. The second 
Input signal, E]^, is Introduc'd as sho n, combining with 
the secondary volta^ur Inducea by to produce t o new 
voltages, El and , Those voltages represent a vector exm 
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and vector difference of tine two Input Tills can 

be llluatrated with the aid of the vector diugraas ehown 
In Pig. 2-1 (b). 
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0 = 135 ® 0 = 90 ® 0 = 0 ® 

Pig. 2-1 (b) Voltage Relationship in a Phase Detector 

Let Eft and B^) represent the two input signals to the 
phase detector, end G the phase angle between the inputs. 
Signal Ea is epllt Into t *o equal vectors, 180* out of 
phase, Pa and -Sa« Signal E-£> is aaded vectorlall/ to Ka 
and -Fa: the vector sum Ejj is represented by Ej^, and 
the vector difference represented by Sp. Signals 

and Eg are rectified, filtered, and the two resultant 
d-c voltages are added differentially at the center tap of 
a resistance mixer. The final d-c output signi<l la esaent- 
iplly tn© difference of the tvo rectified signals, Aaauin- 
ing equal detector efflclences, if Bj^is greater in a.*jgni- 
tude than Ep, the output signal is positive; if S^ls the 
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larger, tno output signal 1* negative, 

A study of the throe diogro-ns In Pig, 2-1 (b) reveals 
that the output fron the detector ill vary approxlnately 
as the cosine fxmctloh of © , When e . o* , Nil - Nal i» « 
poBltive Maxiimi-Ti; when 180*, - Ngj i, a ne,^atlve 

rnaxinum, and the output ill be aero ^en © = 90* or ie70* . 
A slnpla sketch of the expected phaBO detector output as 
a function of phapo difference bet -oen the Input slipiale 
is shown In Pig, 2-1 (c). 
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Pig. 2-l(c) Output us a Function of Phase Difference 
Once the principles of operation htve been established, 
it beconies a n tter of circuit tecimlque to ci*eute a 
practic'l phase detector. 

The early developTient of phase detectors nas been 
concentrotod on circuits to be used at audio or po^er 
frequencies, Lo*^ frequency phase dttectora are fi'equentlj 
used in sorvoniechonlsm applic* tlons. However, thei'e is 
considerable Interest in phase dttoctors wnlch will oper- 
ate satisfactorily at frequencies of many megocycles. 
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TMa cliapter will ba dovoted to a study of tnrae differeat 
pliaee detectors which operate at 30 laegacycles. 

At low frequencies the problem of splitting one input 
signal Into equal and opposite vectors has been solved by 
using transformers, guch equipment Is not feasible then 
the frequency of the Input signal is 30 raegacycles; the 
phase splitting is performed in empllfior stages, A 
description of the operation of a 30 megacycle phase de- 
tector will explain the preceding statement more fully, 

A. The Phase Detectors Investigated During the Kesar-rch, 

The Haval Hesafreh Laboratory designed the 30 mega- 
cjcle phase detector #hosa schematic wiring dif ii>ram is 
presented in Pig, 2-P, The input signal to channel ”A 
is converted into two signals IfiO^ out of phase by means 
of a cathode -coupled amplifier, VI V2, The plate load 
resistors of these miniature pentodes are adjusted to 
provide equal signal voltages at the pletes of VI and V2, 
Those t- o equal and out-of -phase voltages ere tnon fed 
into t o diodes connected back-to-back, Tne otiier side 
of each diode is supplied with the second input signal. 

Thus the output voltage developed by each diode is depend- 
ent upon the pliasing end amplitude of the plr te and cathode 
signals. The diode dvtector losds consist of ,-200 oiims in 
parallel with 2^yy>,f » In operation, the output O'fc each 
diode is added differentially at t ie , center-tap of a 
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reeietanc© mixer, with tho conter-fc&p adjustable to com- 
pensate for any unbalance In circuit parameters. ^ 

The schematic wiring dlfgram of the second phase 
detector being studied is presented in Fig, 2-3, This 
differential amplifier phase detector accompllGhea the 
vector addition of two volt8g«^s in a sane "hat different 
manner,^ A cathode-coupled onpllfior VI V2 la used to 
acconplinh the phase splitting of the algnal applied to 
channel **A ', The cathode load for this amplifier consists 
of a pentode, with the second input signal introduced on 
the grid of the pentode, V3, A signal in ciiannel "A” will 
produce t*o voltages 180^ out of phase across the load 
resistors, while a signal in channel "B” will produce t-o 
In-phase voltages across these resistors, With signals 
applied to both channels, voltages representing a vector 
sum and a vector difference are produced across the IK 
resistors. 

The voltages produced at the pi tes of VI and V? are 
fed into two diodes connected bnck-to-beck. The output 
of each diode is added differentially at the center-tap 
of a resletanco mixer, and the final output taken off 
through a cathode-follower output stege, V6, 

The NRL and differential amplifier pha: e detectors 

1, This 30 megacycle phase detector sas designed by 

W, B. Renhult of the Research Lrboratory of Electronics 
at the Massachusetts Institute of Teclmology. 
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contain only half-wav© roctifyinij eti^iaa, Fig, 2-4 la 
the schematic ?rirlng diagram of a full-wave phase 
detector, '■ This circuit consists essentially of two 
differential Rmplifior phf.se detectors In p rallel, with 
the addition of another phase splitter i.hlch splits the 
channel ”B'’ input signal into t o equal vectors, 180® out 
of phase. The outputs from V3 V4 and V6 V7 are fed 
Into two pairs of diodes connected bock-to-bHCk, Prom 
thdt point on tiie operation is identical to that described 
in the preceding paragraph on the differential amplifier 
phase detector. 

In all three phase detectors, small chokes are used 
to resonate the input capftcitances to the phase-splitting 
stages and the diodes, Mini(cture tubes hnve been used 
throughout and the construction of the detectors made as 
compact as possible. 

B. A SO Megacycle Phase Siilfter 

Some means must be provided for varying the relative 
phase angle between the t«o input signals to a phase 
dotectcr. At a frequency of £0 megacycles the problem of 
obtaining a phase shlftei’ hich operates aatief actorlly 
becomes acute. A schem* * tic .vlring ditgratn of tn© circuit 

. 1 , The full wfve phare detector was designed by 

• B, Renhult of the Reaorreh Laboratory of Electronic 
et the Massachusetts Institute of Technology, 
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used is presontod In PI 5 . 2-6.^ A brief expltmaLion of 
the phare shifter’s operation is necessary for clarity. 
Located In the grid circuits of VI and V2 f^r© RC 
Xjhase-shlft net«>orko designed to produce voltages which 
are In quadrature at the grids of these stages when the 
frequency of the input signal is 30 megacycles. Two 
cathode-coupled anpllfiers split these signals into four 
equal voltages, separated in phase by 90 electrical 
degrees. The four signals »re applied through isolating 
cathode followers to the plates of a Western Electric 
Phase Shift Caprcitor, As the shaft carrying an eccentric 
dielectric plate is rotated, the output will be of constant 
amplitude, with the phase shift vi ry lag smoothly from zero 
to 360 electrical degrees, Attoched to the shaft carrying 
the dielectric is e di> 1 gradusted from 0 to 360 decrees, 
to be read rgslnst a fixed pointer. 

If two signals of the saxe frequency end of equal 
amxjlitudes are applied to the horizontal and vertictl 
deflecting plates of an oscilloscope, the waveform appear- 
ing on the cathode ray tube will be either a circle, an 
ellipse of some sht-pe, or a stralgiit line, depending upon 
the phf.se relationship bet eon the tso input si^inals, 
dien the amount of phis© difference bett>een the two 

3. This 30 megacycle phase shifter was designed by 

, S, Renliult of the ReseM’ch Laborf tory of Flectronlce 
at the Massachusetts Institute of Tcclmology. 
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aisniile Is v.'srlccl from sero to 360 de<ir©ee, the Llssfajous 
fliiUr© on the oecilloscope ?111 xsake one coiaplete revolution. 
Thla fact vua utilized in calibrating the 30 megacycle phase 
shifter, and o block dlogrcm of the system used in the cali- 
bration process is sho vn in Fig. 2-6, There was pvallable 
In the laboratory a system nhlch hud been successfully used 
to calibrate 100 kilocycle phase shifters. That portion of 
the block diagram »ho*n in Fig, 0-6 •hich is contained 

4 

within the dotted lines «r«s the system previously developed. 
The problem of utilizing thla equipment In the calibration 
of a 30 megacycle phase shifter was solved by the construct- 
ion of four additional mixer stages, A General Radio Co, 
606-3 Signal Generator was used to oupply the 29,05 meg- 
acycle signal needed for the frequency conversion. 

The dial mounted on the shaft attached to tne phase 
shift cap;>cltor a^-e set on zero. An arbltrtry small 
amount of phase shift was introduced, using the 100 kilo- 
cycle goniometer, to brlnt^ the pattern on the oscilloscope 
into the desired position. In this cr se a strslgiit line 
at 046* -226“, ’then the phase shift capacitor was rotated 
through 5,6?5 olectrical degrees, the oscilloscope wave- 
form *ent through one complete revolution. The dial reading 
on the phaee shifter «ras recorded, and the process repe ted 

4, This system was set up by R, A, Glaser of the Research 
Laboretory of Rlectronlos at the Massachusetts 
Institute of TeclTaolo^sy , 
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65 More tines. In tills 64 check points on the phase 

shifter disl were obtained. 

After the calibretlon runs, thn knom facta re^jardlng 
the 64 recorded points ••as that they were 5.6<^5 electrical 
degrees apart, and the phase shift condoneor hc-d nsde exactly 
ono revolution. Knowing that these 64 recorded points were 
contained in exactly 560 physical degrees of phase shift 
capacitor rotation nsdo it possible to use the phase shifter 
in the investigation of phase detector output as a function 
of phase shift between the input signals. The actual point 
of zero phase shift fas determined by observing the output 
of the throe phase detectors as a function of dial rotrtlon. 

G, Results of the Bhase Betector Tests, Using, O' Input 
61gnala 

Before entering Into a discussion of the results of 
the tests conducted during the investigation, it would 
be advisable to recall the three principle operations 
which take place in a phose detector. First, the phase 
splitting process, usually eccompftnled by amplification 
of the input signal which Is split into two equal vectors, 
180® out of phase. Second, the combining of voltages to 
form a vector sum and a vector difference, with possibly 
some arapllf lok tlon of the second input signal before it 
combines *ith the two equal «nd opposite voltages. Thix'd, 
the actual rectifying process end dif ferenti*.! addition 



Miw«i4 4J^»# ^^llaii «»« #* ^ 

«f««<MC St4ii «iiite •«.« w» 

«Ni»wwt ^ j^f0s 0mu*fim$^ ^ 

^ l^lPtA(ii ^t4»#v* pi iipoffp I 

%4IT*^ «iMn w mun999^ #1 4TW 

#teif«» ifltfMvA ■■ f^ paliaMftiml «if /« 
•eu« ^ ^Umu 9«49C m# IW» I4«t l^lM «a«b« V 

r«HM •>- ^UmfU 0» flM^ ni4% ««<«l 14 

ImM0 It «I4I4M4 4tf4 4M4»4^.a»«4V«»€«: «4i f| 

14^ ^ «« V tf4<^ iH 

%i 04lM«t A t» D4i««*tplft 0 0001 PUM 

fIj,MfM4#M|| i«4*^rr«4 4»ti Ibpc pffpl 00 
•^•my0 0X4000 m% f«0^ 4«r A20M |i« #CMIf4« m 

9 ^ ••wt 

««#li«^ 00tJilf0« 

iil# «t #Miil «M In 

n Mm^i^r l* m^$%$mma ma^- ^immaa In *(4^1 

ynUpan oij» «M«prru0 lenfppp 400 gip 0 

O f 

MW in^l im»tm «m 0«l#«#htJBM IM 

•M4A44^* MWaPi M nWl W W «!.*« 1H0MPM 
UM P0« lina*yt^ UltVflWf <MM Wl 



## 



19 



of the roctlflor outputa, 

Tiie first trsts were made »itii p ?0 cycle unntod- 
ulptoci C»r slbnol; x'^ferrin^i to PI 45 , 1 - 1 , that portion of 
the block die^ran •*’as in use beginning with the signal 
generator, up to and Including tiio phase cl<. tector. Since 
the iliase shifter hod a measured attenuation of 38 db, it 
flap neceasary to amplify the output from that unit, A 30 
megacycle >-H/AP2-10 I.P, amplifier strip was used through- 
out the research project for this purpose. 

The gain of the 30 megscycle amplifier -mB adjusted 
to produce equal signals at both inputs to the phase 
detectors. Pig. r^-7 presents a plot of the output of the 
three phase detectors as a function of phase difference 
bet ;een the Inputs, As excpectejd, tlie amplitude of the 
output signal from the fvill .vave ph'^so detector was the 
grof-test of the three. This may be attributed to more 
amplif icatlon before the detector strges, and a greater 
efficiency of detection. The output from the differential 
amplifier phase detector is sll^litly larger than th t from 
the NRL phase dwtector, -/hich is due principally to more 
gain in the phae^-spllttlng cathode-couplod amplifier, 

thlle tha d^tn to be plotted were recorded, tho gain 
of the 30 mag’ cycle amplifier was unchi*n;,ed, Howevar, tho 
amplitude of the output signal from the phase shifter ^as 
not constant, but varied five per cent as a function of 
phase shift condenser setting, ”'lth such e email change 
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in amplitude of the input signal, the nmount of phase 

shift introduced by the aN/aPS- 10 amplifier was assumed 
to have remained constant, 

A study of the cui’ves in Pig, 2-7 ro veals that the 
tnaxirtium negative output from all three phase detectors 
occurred >h«n © = 187**, The most logical conclusion to 
be derived from such an observation le th- t the phase 
shifter calibration -as In error. The fact th*t these 
negative peaks do occur at appro?f Imntely the sane point 
3s encouraging, however. Assuming the error has ocoured 
in the phase shifter calibration, the dial setting cliosen 
as the point of zero phase shift as a good choice. 

The 30 megac/cl© carrier Input signals to the phase 
detectors were next modulated ?0 per cent with a 1000 
cycle p. r second sine 'RV«i, in ord-r to produce a sinu- 
soidal output vsvefona. This on© kilocycle output signal 
was analyzed, using the Oeneral Radio Go, 736- A Wave 
analyzer, to determine the harmonic content of the output. 
Over a wide ran^e in amplitude of input signals, the NHL 
phase detector output had the lowest harmonic content, 
followed by the differential amplifier phase detector. 

For small Input signals, th© full avo phase detector 
output <as of low ht rmonlc content, but for input signals 
of over 0.5 volts r-m», the output had a nl^i^ second and 
third order harmonic content. 

One teat in 'hich partlculir interest n-rs expr'^ seed 
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»a» & Btuciy of the piis«e detector output p as tiie ratio 
of the amplitude of the two Inputs was varied from 1:1 
to 10:1, For these t«ats the lar^j-^r sl«$nal was applied 
to channel **A” and the smaller signal to channel 13"; tne 
signals ware then Interchanged to put tne sm^ll rignal 
in cla^nnel "A", and tlio large signal in channel ”B“ , 

With a 30 megacycle carrier, modulated ®0 per cent 
at one kilocycle, the a’nplitud< a of the two input sisals 
tore vsried from 0.1 volts to 1,6 volts rms. The HRL and 
differential amplifier phase detectors porfonsed equally 
well under these conditions, but the output from the full 
>ave phass detector was distorted, pj^rtlcularly *hen 
If rge pionals were applied to channel "A", 

One of the stipulated requlremonte of the phase de- 
tectors was that there must be no output when one of the 
Input signals was aero. Over a range of amplitude of 
input signal of 0,1 volt to 1,0 volt, applied to either 
channel, all thr^je phase detectors met this requirement 
satisfactorily. Such s tost etrestee careful coll tuning 
and requires equal voltaj^es it the plates of the phase 
aplitting cathode- coup led fisipliflers, 

'*hon the frequency of the Input signals was 30 mega- 
cycles, each detector wns balr.nced to give aero output 
when © = 90*. 0ns of the desired fpcts wap an indlcf tion 
of ho t much frequency shift from the center frequency 
could bo tolerated before the phase d;. tact or output. 
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Boro at 30 mc5{jacj cles, becaine a meaeurable quantity, 

Slnco the phas« shifter »as dosl^piod to opwrato only at 
30 megacycles, the crrrior frequency produced by the 
signal generator could not be varied ilth Input signal « 
applied to both channels, and yet hr ve the results be 
of any significance. A signal from the signal ^^nierator 
wae applied directly Into each channel, end the frequency 
shifted on either side of 30 negi* cycles until an output 
was observed from the phase drtector being tested, 1th 
all three phase detectors, the frequency of the input 
signal to either channel could bo varied frora 28 to 32 
megacycles before the output voltage became as large as 
two per cent of the output «hen O - 0*at the center 
frequency, 

'•Vlth a modulrtod 30 megacycle signal applied to both 
channels of each phase detector, there was no increase in 
dl fjtortion in the output sign# 1 end no unbalance at a 
null condition when the plf*te supply voltage was varied 
ten per c-nt above and belo»> the rated vlaue. No tests 
•ere conducted to detera^no the effects of varying the 
filesient supply voltage. 

The efficiency of df;teotlon taking piece in each 
phf so detector as measured, »ith tho following results* 

NHL phase dotector““27,3 per cent 

Different Itil Ampllfior phase detector— 28,7 'per cent 
Pull wave phase detector — 33,0 per cent 

The computed improvement in detection efficiency for the 
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full ^ave phJic© dstector over a iialf rave detector was 
12^ per cent. This value <^38 computed for diode loads 
of 2,2 K and 24/yf , Tlie computed vi lue agrtses f vor~ 
fibly '1th a «e»rured Increi se of approxl«*>toly 16 per cent. 

D. Results of the Phase Detector Teete, Pulsed 

Input Signals 

After the throe i^Mse det-.vctors had been tested 
using C«l and modulated iyi Input signals* one of tias 
puls-ra shown in Pig. 1-1 was conaect^d to the signal 
generator, T2io output of a Hewlett Paokord Hodel 200 
Audio Oscillator was used to trlg,g®r tho puls*rj the 
frequency of the audio alevhal ap the pulae repetition 
rate of the puleer output, A nog- tXvf? output pulae from 
the pulst-r ;es applied to the signal «i,enerator* whose 
output in turn *as cn envelope of the carrier frequency. 
Pig. r-8 Is a photograph of tiie output w* veform from tlio 
pulser, for a pulse -idth of 1,5 micicreconds, A photo- 
graph of tho signal generator output is presented in 
Pig, 2-9, Note tli<» slow decay in asapiitude of the oscil- 
lations along the trailing edge, ulthougii tho laodulating 
pulse has a steep trrlllng , 

Tho teats which bed b&an conducted for the Ctf and 
.Tjoclul^ted CW Input signals to t.*o pha*o detector were 
reported ith the pulse Inputs, Nona of tha three ^ base 
detectors tested h&d u n'lll or oero output one would 
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Fig. ii-8 Input pulse epplled to signal generator. 
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have been obt»»lned using CW Input slgnale. This <ffas 
particularly true for pulse widths up to five caicro- 
soconds. Mo matter what the a-<ttlng of the phase anlftor, 
there was always a email output Indication of both pol» r- 
Itlas. This output was attributed to the fact that tner® 
is a certain amount of frequency modulation at the leading 
and trailing edges of the signal generator output. The 
instantaneous devl'tlon in frequency from the center fre- 
quency vlll not be shlftod in phase properly in tue phase 
shifter designed to operate only at 30 megacycles. 

When the pulse width was increased to mioroeeconds* 
the center of the pulse produced u satisfactory null. 
However, at the loading and trailing edges of the pulse, 
a small voltige "spike” waa present. The full wave piiase 
detector produced the best null indications, and of the 
two half eve detectorr, the NhL circuit produced the 
better nulls. 

Much ne* lafomf tion was gained fi osi t». sting the 
phase detector circuits with pulsed input signals. Of 
considerable significance was the wbsence of good, cloar- 
cut null outputs from all three phase detectors. Variation 
of the pulse repetition frequency fresn 800 to 3500 pulses 
per second produced no chuiigee in the wave foi’cie of piiase 
detector output signals. The minimum pulse width obtain- 
able from the General Radio Co. 869- A Falser was measuiv.d 
as 0.36 microseconds, «*nd .1th a pulse of that duration. 
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the output wRVofoxTB of each phase detector still varied 
approxlinf- tely as the ooelno function of © , the phase 
angle between the t*o Inputs. This nilnirftum pulse width 
will be referred to #gain In the next section. 

In sunraarising the results of the tests conducted 
on each ph^se detector, there are specific acivantages 
end disadvantages for each circuit. Althouj^ the full 
wave detector produces a larger output for e given input, 
end the nulls ^re better for pulsed input signals, there 
is a greeter percentage of harmonic distortion in the 
output. The power supply requireinenta are stuch greater 
because of the large number of tubes Involved, Prom the 
maintenance viewpoint, the full wav© ph< so d<stector 
contains nine tuneable colls, which require a great deal 
of tlfflo to line up accurately. 

Of the other t ;o phase detectors tested, the results 
show that the NRL circuit was superior in performance to 
the differentisil amplifier phf se detector. These t-o 
circuits contain the S' mo number of tubes and colls, and 
require the s me aiaount of time to tune the coils and 
line up the circuit. From the point of view of comp? ct- 
ness, the NRL phase detector be constructed using 
only t»o tubes — a t»ln triode for the phoe© splitting 
cathode-coupled amplifier, and a tain diode for the 
rectification st^ge. The addition of a t»o stage pulse 
anplif'er ould produce larger signals than could be 
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obtained from the vastly mox’e complex full wave pht-se 
detector. The phaee detector circuit designed by tha 
Wttval Reaearch. L'“boratory is pup«rior to the other two 
which wer® investigated, 

E, A One Megacycle Model of tJie Differential Amplifier 
Phase Detector 

The problem of how many cycles of the carrier fre- 
quency must be comp».red before a pUaae detector can give 
a reliable indie? tion of the phase relotionEhip existing 
between the two input signals was stated briefly in tne 
introduction. The ans.;«r to this problem could not be 
obtained **hen the carrier frequency was 50 raogacycles. 

With the minimum pulse width avalleble from the pulser 
0.36 microseconds, each pulB«d input signal to the phate 
detector »ould consist of approximately 11 cycles of the 
carrier frequency. Since each phase detector produced 
an output signal which varibd satisfactorily as a function 
of e hen the input pulse width was a minimum, the 
ans or to the pi'oblem could not be obtained at 30 mega- 
cycles, •ith the existing aqulpment, 

A one megacycle dlffei'cntial ampliflei' phase detector 
nas constructed from the schematic wiring diagram given 
in Pig, 2-3, Resistor values were not chpnged, but all 
capacitor and coll values <*ere multiplied by ^ factor of 
20, since frequency ■••o divided by 30 and time multiplied 
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by a factor of 50. Additional oap&cltore were added to 
olraulote the effect of tub© and wiring capacitances at 
on© megacycle. 

To < void the necessity of conntructing a ne# one 
Riogaoycle phase shifter, th« new phi.se detector was tested 
using the system presented in Pig, 2-10. The schematic 
•Irlng dlsgrf'n of the mixers 3e presented as Pig. 2-11. 

In operation, the output of the 30 megacycle signal 
e^onerotor was a puls© of carrier energy, ^hile the 29 
megscycle signal generator output -as a CW signal, Tne 
selectivity of the tank circuit In each m'x-.r was such 
thft there was no output from the nlxers .hen the 30 
raegr cycle signri *as not applied. 

The amount of energy available in the pulse spectrum 
of the Input signal to the phare detector which reaches 
the diodes for rectification is dependent upon the band 
width of the phpse splitting:* cathode-coupled amplifier. 

For purposes of comparison, the band width of this amp- 
lifier in the 30 megacycle differential amplifier phase 
detector wf a neasux-od to be 16 megacycles. In the one 
niegacycle phase detector, the corresponding band width 
■vae measured as 660 kilocycles. For an exact comparison, 
the band width oould be 633 kilocycles. 

One limitation encountered in using the system shown 
in Pig, 2-10 was the narrow band width of the mixer etagea, 
in order to hr.ve a useable output, the computed Q of the 
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MEGACYCLE MIXER 
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mixer tunk circuits was fixed at a vplue of five. The 
actual neasured band width of the mixers was 1(55 kilo- 
cycles, indic?itin <5 a value of Q«6, ^ith such a narrow 
bend width, approximately '5 per cent of the energy 
contained In the spectum of a six microsecond pulse 

would not be peaeed by the mixer. In spite of this loos 

> ' 

of energy in the mixer, the phase detector operated sat- 
isfactorily for a lalnlxaum pulse width of six micro seconds. 
The test on the one megacycle phase detector indicated 
that a pulse width of six microseconds was sufficient to 
Insure reliable output signals from the phaae dotr ctor. 

In a pulse whose width wrs six microseconds there would 
be six complete cycles of the carrier frequency. By 
analogy, the 30 megacycle difforentlsl amplifier phase 
detector would also provide reliable output sie^nals -hen 
the Input pulse contained only six cycles of tne carrier 
frequency. This would be true for a 0.2 mlorosscond pulse, 
when the carrier frequency -as 30 megticycles, 

A more judicious line of reasoning could be obtained 
from the following procedure. Construct phase shifters, 
tuned amplifiers, and phase detectors to operate at fre- 
quencies of one, five, ten and 16 megscyclos, thereby 
eliminating the mixer stages. fVith all units properly 
frequency-proportion ,*d, determine the roiniraum input j,ulso 
width necessary in each care to produce the desired output. 
By means of a sultrble process of extrapolation, a good 
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indie t ion of the rainiMram input pulae •idth neceesury to 
produce satlefactory operation of the 30 meg** cycle phase 
detector could be obtained. 

The etejis outlined in the precedin^j parae^raph would 
require a c-^nsidorablo amount of time for constructing 
and testing the unite. Such a program could well be made 
the basis for a more complete investigation of pulsed 
high frequency phase detectors. 
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TUS FUI.tft-IHT GflATIHO CIuCUIT 

The prlraery function of the pulse-intisi^ratinii circuit 
in to facilitate the acctxrate measureaent of the envelope 
frequency of the phase detector output pulses. This envel- 
ope frequency is the cyclic vax'ii-tlon in the amplitude of 
the phase detector output pulses if there is a constant 
rate of chsn^ie of phase b«t.>eon the teo Inputs to tiie phase 
d*tector. In the experimental system, the rate of chan^o 
of phase was produced by attachinti a snutll electric motor 
to the shaft of the phase shift capacitor in the phase 
shifter. 

Pul se-lntejjrn ting circuits are a coaporet ivoly recent 
develop-aent, and sei’ve to stretch a pulse in time so th? t 
its amplitude c^n be closely observed and this informftlon 
handled #lth greeter ease in subsequent circuits, A major- 
ity of the pulse- integratiritj circuits developed accept only 
positive input pulses, but for stretching the output pulses 
from a phase detector, a circuit which will accept either 
positive or negative input pulses must be used, 

A, Principle of Operstion. 

The principle upon hlch those circuits operate is as 
follows, explained '1th the aid of Fig. 3-0, With the switch 
S closed, a pulse from the source chpr^es capacitor C to a 
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voltage equal to tlaat of the pulee peak. The time constant 
of the charging path is very short. At the instant of 
termination of the input pulse, switch S is opened, and the 
charge stored on C must leak off through an output circuit 
whose input impedance is ver^ high. As a result, the time 
constant of the discliorge path of the storage capacitor C 
1s very long, and the capacitor tends to retain the. stored 
charge until the application of the succeeding pulse. Just 
prior to the arrival of the next pulse, switch S is closed, 
and the process repeats itself. 




Pig, 3-0 Basic pulse -integrating circuit- -block diagram 
Loss of the stored charge from the main capacitor 
between the end of one pulse and the beginning, of the next 
pulse ill be referred to as voltage ”droop". The greater 
the repetition rate of the input pulses, the smaller will 
be the loss of energy due to the voltage ”droop’*. 

For a clearer lander standing of the operation of a 
pulse-integrating circuit, refer to the dloi^rams on the 
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following page. Pig. 3-1 reprosento a typical output wave- 
forw from the phase detector, such as would be the caee If 
the pulse repetition frequency tere 600 pulses per second 
and the envelope frequency ‘ere 60 cycles per second. Trie 
time Interval bet eon pulses is the reciprocal of the pulse 
repetition frequency. Pig. 3-. represents the idealized 
output wavcfora from a pulse-stretching circuit. In that 
there Is no droop in the chnrge stored on toe capacitor 
during the Interval bet een pulses, ith a manlmuai of 
filtering, a good sinueoirlal 'aveforra could be obtained 
from such an output. 

In the laboratory, using a I’clatively simi^lc circuit, 
it proved to be Impossible to obtain the wiiVeforra shown in 
Pig, 3-2, The repulta obtained -.ere, hoAever, encouraging, 
and further refinements in circuit design and •irlne, should 
Improve the overall perforraaiace of tiie circuit. 

a. The Circuit Tested in the Laboratory, 

A study of the history of pulse-integrating circuits 
revealed that most of the circuits had been designed to 
accept input pulses of one polsrity only, usually positive, 
Theii’ principal use was in stretching out the video pulses 
In radar sets for a number of different purposes. The 
circuit chosen for det^lled study is not original with the 
author,^ Of primary importunco are the ability of this 

1, This pulso-lntegrr ting circuit is credited to 

Mr. B, M. Oliver of the Bell Telephone laboratories. 
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FIG. 3-1 

INPUT TO PULSE INTEGRATOR 
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FIG. 3 — 2 



IDEALIZED PULSE INTEGRATOR 



OUTPUT 



circuit to accept input pulses of eltiier polarity, its 
slrapllcity, and the economy of components. A schematic 
wiring diagram of the diode pulse-integrating circuit is 
aho«n in Pig. 3-5 on the following page. 

The operation of this circuit is as follows. With 
no input signal and no cltmplns ^ate applied, the diodes 
are non-conducting because of the negative bias voltut,® 
across them. A positive clasiplng gate is applied to the 
pulse tranoforacr Tl, The amplitude of the gate fppearlng 
across the seconds ry of Tl should be sufficient to overcome 
the bias voltao®» ®nd current will flow in all of the 
diodes. I>et us assitse Identical tubes, such that the 
current flowing in each diode is the snae. 

"1th all the diodes conducting equally, a positive 
input pulse decreases the voltage across VI and increases 
the voltage across V2. The current througli V? and V3 
is increw sod, ^hile the current through VI and V4 is de- 
crereed. The difference in currents through V3 and V4 
produces a positive charge stored on the main capacitor C. 
iJltallerly, a negative input signal Increi-oes the current 
tlirough VI and V4 while decreasing the current througji 
V? and V3, and the chsrge etoi*ed on C is negj'tlve. 

Because the clanping gate has been applied prior to 
tiia arrival of the input pulse, the time constent of the 
charging pith of capacitor C Is very short. Aa soon as 
the input pulse hag teminntod, the clmplng gate ends. 
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The ne^etlvo bi&s voltage acroaa the clioctes prevents con- 
duction, and the charge stored on C gradually decays 
to*»ard eero during the interval bet een pulses. The 
cpthode follower output stage has been desie^ned to provide 
a high input resistance in an effort to reduce the laska,^s 
of charge froaj C. 

The most critical feature of the pulse-integrating 
circuit is the time relationship between the cleaping gate 
and the input pulse. Generally speaking, the duration of 
the clanping gate is not too Ijiportant. If the input 
pulse has a duration of one microsecond, tire >*idth of the 
clamping gate nay bo varied fjom t->o to ten microseconds 
with no appreciable chencie in tne output ’aveforai. It is 
most important, however, that the input pulse arrive at a 
time such that the pulse width is exactly equal to or 
slightly less then tn® r.‘malning duration of the clamping 
gate. The reason for this exact timing is readily 
apparent. 

Let us assume an input pulse -lath of one microsecond 
t'nd e clamping gate duration of five raicroreconds, with 
the input }5 u1bo set to arrive t-o m croseconds after the 
clamping gate has been applied, "1th the dicdee conducting, 
capacitor C will store a charge, and the voltage developed 
across C will be equal to the amplitude of the input pulse. 
After the input pulse has ended, tne clamping gate is still 
applied to the circuit, and the diodes rersain in the 
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conducting state. Tlio eliort tlaie constant path 

for C still exists, and servos to provide a short ticse 
constant discharge path for C, During the remaining two 
microseconds of the clamping gate duration, all of the 
charge stored on C leaked off througn the lot7 imped- 
ance source of the input pulses. 

On the follo*»inti P»t.o the -avefora of a tiaree micro- 
second clrmplng gate applied to the transformer T1 is 
eho-TO in Pig. 3-4, i-hile a typical positive input pulse 
one mic;csecond in f idth is presented in Pig, 3-5. 

Pig. 3-6 is a photograph showing the superposition 
of the clumping gate end the input puleo, positive in 
this case. The sssuned conditions described in a. previous 
paragraph ere clearly illustrated, except that the photo- 
graph portrays a one microsecond pulse sapericiposed in 
approximately the center of a three microsecond gate. 

This picture is of the voltst^e wrvefom existing st the 
plates of VI and 

hen the clamping gate causes the diodes to conduct, 
and the input pulse does not arrive until served micro- 
seconds later, any charge stored on the capacitor from 
the preceding pulse is iramediately disslp*>ted through tlae 
sliort titae constant discharge prth. "ith the arrival of 
the next ptiire, tliA capacitor assanes a ne« charge, and 
the clamping gate must be terminated imnediptoly to pre- 
vent the undesirable loss of charge stored by the new 



Pig. 3-4 



Waveform of clamping gate 




Pig, 3-6 Waveform of one microsecond input pulse 
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Input Fi6» ’"‘7 llluatrMtws thio faction clearly, 

A positive charge has been stored on the capacitor prior 
to the arrival to the clcapins This photo^^raph 

sho*8 the suddon exponential decay of the voltSo® faCi*oes C 
'»hen the clamping gate arrives, tho no» positive input 
pulse, and a slight loos In capacitor charge before the 
clsaping gate Is terminated. Pig, 3-7 docs not represent 
the optlmuja position of tho Input signal relative to the 
clamping gate, Tlie photograph «as taken to subettmtifate 
the preceding statenents. For the smallest loss of stored 
Information, the clamping gate ehould oe terminated before 
there is any discharge from the caprcitor, once it has been 
charged to tho level of the Input pulse. In the laboratory, 
the circuit opersted setisfactorily •hen the input pulse 
and the clamping gate sere of tne same duration, 

C, Design Considerations, 

One of the awre deslimible ferturec of tho circuit is 
the wanner in »hlch the cIj- raping gate is applied, 1th no 
input pulse, and a -^ell-balanced circuit, no signal -ill 
appear at the plates of and V4 ■•hen the clejt^ing gate 
is present. This action reduces the amount of undesirable 
noise voltage »iiich ould appear at the filter output. 

The optlaum size of the storage capacitor C must bo 
conald-^red caiefully. If tho input pulse source Irapodanco 
is 300 ohms, and the Iraijedsnce of each conducting diode is 
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100 ohs^D, the impedance in the chfii'i^in^i path 1« approxim- 
ately 500 ohms. With an input pulse width of one alcro- 
secondy the maximum possible ralue of C is bOOyyuf , if 
the ▼oltnjie across C Is to approach within 2 per cent of 
the amplitude of the ne» input pulse. If the size of C 
is increased to 1000/^f, the voltsgc across C win 
change only 86 per cent of the total value. This as 
observed in the Ifeboratory dxen capacitors of various 
sizes «ere tried. 

However, the size of C plays a vital part in the 
amount of voltage droop <»hlch can bo tolerated during the 
Interval bet <een pulses. The charge stored on C can leak 
off tlirough several paths, principally the input resistance 
to the cathode follower stage. Assuming a good capacitor 
with a small po er factor and no loss across the diodes, 
the resistance of the discharge ,.-sth -ould equal approxim- 
ately the input resistance of the cathode folio ‘•er. The 
computed insist' nco is 25 megohms and if C =» 500 * 
the time constant of the discharge prth Is 12,500 micro- 
seconds. 1th a pulse repetition frequency of 1000 
pulses per second, per cent of the charge stored on C 

»ould leak off before the next pulse arrived. The ob- 
served voltege droop in the laborttory at a pulse repetit- 
ion frequency of 1000 pulses per second -<as approximately 
12^ per cent, indlcntlag that the ectual input impedance 
to the cathode follo^r was not hs high cs the computed 
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value. A Vftlue of C = 500 proved to De tue optiauai 

size in the exp«rlm»ntal circuit. 

In actvial practice, tixere will be ver^ Itr^e leakBt^e 
roeiatancee Rcrosa toe diodee and tL© capacitor, bo tne 
magnitude of the cathode folio*. ©r input iMpedanc© should 
be incrp»rt>d as raach as possible, and /et have a flexible 
ccthodo folio »er output sta^,©. Increasing, the size of C 
ould aocr^as© the droop, but the value of thlr capacitor 
is also governed b/ the .^Idth of the Input pulse, as 
explained previously. The moat practiCf 1 solution ould 
be an increneo in the pulst^ repetition frequency, but in 
oany cas- s this is not desirable. 

The amplitude of the clamping gate produced »ciOss i-ne 
secondary of T1 should be at least four tln.ee tne umpiitude 
of the largest input puiso to be hcndlttd, -hile tne mag- 
nitude of the negative bif.s voltst>o siiould be st least 
t 'ice the amplitude of the lar<i©st input pulse. hen the 
clanping gate overcomes the fixed bi^s voltat,e, tae potent- 
ial sc oas each diode should \jo sufficiently large to prevent 
an., diode from bei’ig cut off by the loTj^est input signal. 

If the amplitude of the largest signal is 10 volts, et 
least a 20 volt bias source and 40 volt claapiag gat© should 
be used. The large bias volte.,© also prevents a dlschei’ge 
of the charge stored on C back thi-ough th« diodes. 

Th<* principal dissdvanttge of the circuit is the fact 
thot the diodes, i-ula© transforaar and bias source are all 
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flostln^ ’itii rsepect to {jrounci, Iring cnpatcitance atsiy 
prove to be tlis moat troublooome, althou^ in the labor- 
atory the nst>etlvo biea nourc® «as located outsldo the 
experiaental chasels 1th no 111 effects. 

Replacement of purts did not affect the operation of 
the circuit, since no component hns a particularly critical 
value. Neither ttibe I’cplaceiaont nor a different transformer 
afftfcted the amplitude or •avoform of the output. 

In ouaaarislng the perfoinaance of the pulBC-intOijratln^ 
circuit »hich *ao invectl^-.tod, the operational limitations 
are onuaereted belo?. First, the circuit requires a critictl 
time relationoiiip bet een input pulse and damping tiato. 
Second, some conpromlse must be reached se to the m nimum 
i^ulee 'sidth hlch cm be etretchtd and the amount of volt- 
«ti>e droop which cen bo tolerated. Third, tne majority of 
the components comprising the circuit ere floating with 
respect to ground. Fourth, tiie circuit Is insensitive to 
input pulses of small amplitude, l,e,, less than one volt, 
fheae limitations are accepted in vie-, of t/ie fact that 
the circuit accepts input j^ulses of either polarity equally 
■ell, 

D, Suggestions for Further *ork. 

Another motiiod of stretching pulses w*»e proposed and 
rejected because of Its complexity. The input pulses 
would bo applied to 2 multivibrators, one to be trlge,ercd 
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by the pocltive puls«s and the otliar to he trl^^cred by 
negative pulses. The output gat© fi'on each sjultlvlbrator 
•^oiAld hr VO the sarto pol? ritv as txi© Input puis© •«hlch 
trlg4;,ei’0(i It, The aaiplltudo of the output gate •ould also 
be proportional to the suaplltatle of the input pulre. 
Duration of the output gates ^ould be adjusted to slightly 
leas tlian the interval bet-een pulses. 

This laethod might b© developed into a useful pulee- 
integi'otor, but tli« problera of biasing the asultivlbrutore 
so thr t an Input pulse triggered only one multivibrator 
»K>uld be difficult, particularly for pulses of small 
amplitude, Whei’e circuits of greater complexity are not 
objectionable, such a system might bo the beet method of 
overcoming undesirable voltage droop. 
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CHAF‘i*EH IV — 

Tm OF UATI0« of TH> BNU'IhJf * 

!Rie equipment shown In block dlotirrua form in Fitj. 1-1 
was connected as indicated and placed in operation. A two 
ata^e pulse amplifier hose schematic wirings ditt^iram is 
given in Pig. 4-2 was incorporated into the system when it 
w 0 s discovered that the pulse -Integrating circuit was 
insensitive to the small amplitude output pulses from the 
phase detector, Tiie gain of the pulse amplifier «aa ad- 
justed for each phase detector uaod, since the outputs 
of the three different phase detectors were not equal, 

, With the major portion of the thesis research devoted 
to 30 megacycle phase detectors and the pulse-integrating 
circuit, the design of the best possible filter network 
was not « ttempted, A siifeple RC filter, sho»n in Fig, 4-3, 
.tas used to smooth out the output waveform from the pulse- 
Integrftlng circuit. An Rttenuation versus frequency 
characteristic of this filter is shown in Pig. 4-4. A 
low-pass LC filter with a cutoff frequency of 100 cycles 
per second would require chokes of considerable size, and 
it was felt th; t time would be bettei* spent on other phases 
of the system rather than the deslt^n and construction of a 
good filter. 

The audio a'nplifier contained in the iAodel 300 
Qallantine Electronic Voltmeter was used to amplify the 
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Binuaoldal output wKvefom from tiie filter. Althoui^la 
thla anpllf ication wa« not absolutely necessary, it was 
used to present an enlarged pattern on the cathode ray 
oscilloscope for closer inspection. 

The sTiall electric motor attached to the pheeo 
shifter sas briefly mentioned in the previous chapter. 

The operating speed of this a-c motor could be varied 
only by clianging the line voltage, and a speed of from 
2000 rpm to 3100 rpm wns possible with this arrangement. 
Thus the frequency of the filtered output from the pulse- 
integrating circuit could be varied from approximately 
37 cycles per second to 51 cycles per second. As the 
speed of the motor was veried, the clunge in output fre- 
quency was readily observed on an oscilloscope used to 
vie ■ the output from the audio amplifier. 

Variation of the pulse repetition frequency htd an 
important effect on the output waveform observed, ‘ hen 
tlxe pulse repetition frequency was low, i,©,, 500 pulses 
per second, the effect of droop during tne interval be- 
ti»een pulses could not bs completely smoothed out by tiic 
filter. Fig, 4-1 consists of three photogrupns taken of 
the audio amplifier output fpv form at a frequency of 50 
cycles per second, fov pulse repetition frequencies of 
1000, 2000, end .'!000 pulses per second. These pictures 
•ere taken with a ^ulse width of one m^crosec nd and a 
clamping gate -vidth of tiiree m croseconds, with the pulse 
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aet to arrive during tne last one snlcrooecond of tbe cliinplacj 
duration. The higher tho pulee repetition frequency, 
the more closely t.-^e Aaveform approaches a true sine wave, 

A General Radio 75G-A '♦avo Analyzer wa? used to measure 
the heraonlo content of the audio amplifier output «voform 
for different pulse repetition fi'equencios. The curves 
plotted in Pig, 4-5 corroborate the photographs in Pig, 4-1 
in ti,ut increasing the pulse repetition frequency decreases 
the p-,rconta^e of pulse r'^petition frequency components 
appearing in the output. Low-order harmonics present due 
to distortion in the envelope of the phese detector output 
can not oe reduced by increasing the pulse repetition rate. 
The primary reason for connecting all of the equipment 
shown in Pig, 1-1 has been the accurate measurement of the 
phase detector output pulse envelope frequency. In this 
manner the rate of change of phase between the t ,o inputs 
to tho phase detector can be measured. For the best oper- 
ating performance, tno output waveform should be as nearly 
sinusoidal 6s possible. Some distortion will be introduced 
by the phese detector, and high frequency com;>onents -*111 
be added in the pul sc- Integra ting circuit. Additional 
work to Incroare the input 1 r.pedance of the cathode follower 
outpiut stfoC of the pulse intogrot circuit and tht deeii,n 
of a betts-r filter for smoothing purposes should 1 prove the 
output osvsform noticcfbly. 



ilt 0*4 •I*'! jf tm 

MMi «i mm tm tivtm A^ttp? * 

•««^ • «*«^N|^|^ulpf Piw iawfvi ivi 

«■*? 4.^ II »i— ^ iMMifl\|p «gy 

(t 4 irr% iM smmmrmm ^ 04 ama^^P 

t, ... ’*1"''^* “■*' *“ * ^ 

J W M I ^J 2 i«iy«« ^ tfm «A 

(lal ^ '• 

mtum li TrnJm <AJ IIb Mr^Ava^ •*] fij •iM'MItiii ii|« 

• ■— I ' ^ ^ 

«AM» P4*mn0m% m 40$ 

,;r ^ 



$ i ^ 

V— * li •• PiMR « ,^a^ip^ < fQ HIM#* 

■ai m 0^ %/i* AnlHiMAalf <«aii •«. ^'—liy 

U# i*wig1iiwi^p i »y f iwl >j A>4.A mm $ m 

l<ii M»«4 ^|i«i*r« Mim m m rn l L ^*Ph€ K*^ •'I • 

Ip 




T« ^««i»pa amii» Mil 

P iiA4( «A 

« 

mmfu^ 0 i im m mrn ^ a . 



m «*4 



Iff 



5 ^ 



wv 



Pig, 4~1 (a) Output wavoforra with the puls® repetition 

frequency = lOCX) pps. 




Pig. 4-1 (b) 



Output eavoforaa /;ith the pulse repetition 
frequency = PuOO ppa. 
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Pig. 4-1 (o) Output -Javefoi'm >i»lth the pulse repetition 

frequency * r^OOO pp«. 
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